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Introduction
The mystery of the functions of lectins has attracted scientists' attention over the last decades. Lectins are proteins capable of binding specific carbohydrates. In addition to their carbohydrate-binding activity, many legume lectins bind hydrophobic ligands such as adenine, cytokinins, and other phytohormones (6, 11) . Cytokinins are considered to represent their natural ligands in vivo (6) .
Of special interest to us was to study whether the nonlegume mistletoe lectin (ML-I) could bind non-carbohydrate ligands such as hormones from the cytokinin group, similar to other plant lectins.
ML-I is a ribosome inactivating lectin (RIP type II), isolated from the green part (leaves) of the semiparasitic plant Viscum album. Crystallographic studies revealed an adenine binding pocket in ML-I (5), an active site for zeatin (8) as well as a site for a new plant growth substance 3-(p-hydroxyphenyl)-propionic acid amide (phloretamide) (7) . This motivated the present investigation aiming to test the interaction of ML-I with natural hydrophobic ligands such as hormones from the cytokinin group. We examined the binding capacity of ML-I with four typical cytokinins: N 6 -isopentenyladenine (iPA), kinetin, zeatin, and N 6 -benzylaminopurine (BAP) by the changes in the intrinsic protein fluorescence which indicated conformational rearrangements within the protein molecules.
To our knowledge, this is the first attempt to apply spectroscopy measurements for the characterization of the binding capacity of ML-1.
Materials and Methods
Reagents ML-I, a product of Sigma (St. Louis, Mo) (lyophilized powder containing approximately 50 % protein estimated by the method of Lowry) was dissolved in PBS (20 mM phosphate buffer, 0.15 M NaCl, pH 7.0).
The protein concentration was measured by the absorbance at 280 nm, using a molar extinction coefficient (e M ) of 8.2×10
4 M -1 ·cm -1 for a ML-I monomer calculated from its aromatic amino acid content (11 Trp and 17 Tyr).
Adenine concentration was calculated based on the absorbance at 260 nm (e M, 260 of 13×10 -benzylaminopurine (BAP), respectively. Cytokinins (Sigma Chemical Co.) were dissolved in ethanol. The volume of the organic solvent did not exceed 5 % of the final volume of the protein samples.
Fluorescence measurements
Fluorescence spectra were recorded by a Shimadzu RF-5000 spectrofluorometer equipped with a thermostatted cell holder. In order to minimize the inner filter and self-absorption effects, in all experiments the absorbance of samples at the excitation wavelength was kept less than 0.05. All fluorescence measurements were carried out in PBS at 20 °C.
A NOVEL CYTOKININ-BINDING PROPERTY OF MISTLETOE LECTIN I FROM VISCUM ALBUM

Binding of cytokinins and adenine
The binding of cytokinins and adenine was studied by changes in the intrinsic Trp emission of the protein. Excitation was at 295 nm and the emission maximum position was registered at 331 nm. The apparent affinity constant (K e ) and F max representing the maximal increase of Trp fluorescence upon saturation of all binding sites were determined from the experimental titration data using GraphPad Prism 3 software. The data were analyzed by nonlinear regression analysis and residual analysis. The plot (Fig. 2 insert) indicatеd the normal distribution of the residuals.
Results and Discussion
Many legume lectins have hydrophobic sites for adenine and other physiologically active compounds, such as cytokinins. Our results showed that a non-legume lectin ML-I isolated from the semiparasitic plant Viscum album binds adeninerelated cytokinins: zeatin, N 6 -isopentenyladenine, kinetin, and n 6 -benzylaminopurine, which might be relevant physiological ligands of the plant lectin ML-I. Additionally, ML-I also interacts with adenine, similar to legume lectins (6) .
The binding of adenine and each cytokinin was studied by changes in the intrinsic Trp fluorescence of the ML-I protein excited at 295 nm. The emission maximum position was recorded at 331 nm, which indicated that the Trp chromophores were "buried" inside the protein molecule and showed a nonpolar environment of the emitting aromatic residues. The interaction of ML-I with adenine (K D = 1.9 ± 0.6 µM) (Fig. 1  insert) and cytokinins resulted in up to 40 % enhancement of the Trp fluorescence after saturation (Fig. 1, Fig. 2, Fig. 3 ) due to conformational perturbations in the ML-I molecule. ML-1 binds with high affinity the natural adenine-related cytokinins: N 6 -isopenthenyladenine (K D = 0.9 ± 0.2 µM) and zeatin (K D = 0.7 ± 0.2 µM). Additionally, ML-1 interacts with BAP (K D = 1.7 ± 0.7 µM), and kinetin (K D = 0.8 ± 0.1 µM), earlier known as synthetic cytokinins but currently considered as natural ones (1, 9, 10) .
The comparable affinities of the binding indicate that cytokinins could accommodate the same binding site. Most likely, similar to other plant lectins, the hydrophobic forces play a significant role in the interaction of ML-I with hormones such as cytokinins.
The semiparasitic plant Viscum contains cytokinins (and probably other hormones) coming from the host, and the presence of its own cytokinin biosynthetic way is not excluded (2, 3, 4) . ML-1 could be viewed as an additional cytokinin reservoir which may also deliver cytokinins back to the host. Furthermore, ML-1 could perform regulatory functions on the mistletoe endogenous hormonal levels in vivo by forming hormonal complexes.
Conclusions
To our knowledge, this is the first spectroscopic study demonstrating the novel property of the ribosome-inactivating lectin ML-1 from the semiparasitic plant Viscum album to bind several hydrophobic ligands such as cytokinins. Due to its high affinity to cytokinins, ML-1 could be related to the group of phytohormone (cytokinin) binding proteins.
